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We report a novel IS711 chromosomal location that is specific for the Brucella genotype ST27 previously
associated with Pacific marine mammals and human zoonotic infection in New Zealand and Peru. Our data
support the previous observation that this peculiar genotype is distinct from those commonly isolated from the
Atlantic and currently classified within the species B. ceti and B. pinnipedialis.

Brucellae are Gram-negative, facultative, intracellular bac-
teria that can infect humans and many species of animals. Six
species were initially recognized within the genus Brucella: B.
abortus, B. melitensis, B. suis, B. ovis, B. canis, and B. neotomae
(13, 19, 29). This classification is based mainly on differences in
pathogenicity, host preference, and phenotypic characteristics.
Four additional species have been included since 2007 in the
genus Brucella. These comprise the species B. ceti and B. pin-
nipedialis isolated from marine mammals, with cetaceans (dol-
phin, porpoise, and whale species) and pinnipeds (various seal
species) as the preferred hosts, respectively (11, 12). Brucella
microti, first described in 2008, was isolated initially from the
common vole but later also from the red fox and from soil
(21–23). The latest species is B. inopinata, which was isolated
from a human breast implant infection and represents the most
distant Brucella species at the phenotypic and molecular levels
relative to the others (10, 24). The animal or environmental
reservoir of the latter species is not known. New Brucella spe-
cies will likely be described in the future, including isolates
from baboons (20), from wild rodents in Australia (26), and for
strain BO2 isolated from a patient with chronic destructive
pneumonia (27). Strain BO2 and strains from wild Australian
rodents have been proposed as novel lineages of the B. inopi-
nata species (26, 27).

Molecular and phenotypic typing of marine mammal Bru-
cella strains has led to their classification into two species for
strains originating mostly from the Atlantic, i.e., B. ceti and B.
pinnipedialis (12). However, several subgroups within each spe-
cies have been identified by molecular typing methods, such as
multilocus sequence analysis (MLSA), multilocus variable
number of tandem repeats (VNTR) analysis (MLVA), or
omp2a and omp2b porin gene diversity analysis (2, 4, 6, 8, 9, 14,
15, 16, 18, 28, 32). Among them, one subgroup within B. ceti,

which is composed exclusively of strains isolated from various
dolphin species, has been proposed to constitute a separate
species with the name B. delphini (2, 14, 29). The isolates from
cetaceans from the Pacific may also constitute a separate spe-
cies (16). Three human cases with naturally acquired infection
by Brucella strains presumably of marine origin have been
reported, one case of spinal osteomyelitis from a patient in
New Zealand (18), and two neurobrucellosis cases from Peru-
vian patients (25). Interestingly, these human isolates pre-
sented the same genotype as a strain from a cetacean from the
Pacific (30).

The presence of the mobile genetic element IS711 (GenBank
accession no. M94960) has been a useful target for molecular
characterization of classical terrestrial mammal Brucella species
and biovars based on the number and distribution of IS711
copies within the bacterial genomes. Among classical Brucella
species, IS711-based fingerprints are stable, species specific
(except B. canis), and to some extent biovar specific (3). Ma-
rine mammal Brucella strains have been shown to carry a
higher number of the IS711 element in their genome than
terrestrial mammal Brucella species and biovars, with the ex-
ception of B. ovis (3, 4, 9, 17). Several IS711-based molecular
typing method studies have confirmed the classification into
two marine mammal Brucella species with subgroups in each
and correlating closely with classifications made using other
molecular typing methods, such as MLSA and MLVA (32). It
must be mentioned that this classification into B. ceti and B.
pinnipedialis refers in particular to marine mammal strains
isolated mostly from the Atlantic (around 300 strains isolated
to date) (11, 16). Thus, for each of these marine mammal
Brucella species and their subgroups, specific chromosomal
IS711 locations have been identified and PCR detection meth-
ods developed (5, 6, 9, 15, 32). However, for marine mammal
isolates from the Pacific and the three human cases indicated
above which are of the MLSA ST27 genotype, found to be
specifically associated with these strains (30), no specific IS711
location has been identified so far.

Recently, the complete genome sequence of B. pinnipedialis
reference strain B2/94 has revealed the presence of 31 IS711
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copies with specific or common chromosomal locations to
other Brucella species or biovars (1). A phylogenetic analysis
based on whole-genome sequences confirmed the MLSA- or
MLVA-16-based molecular classification of clusters of ma-
rine mammal isolates. Interestingly, in this analysis, B. ceti
strain Cudo, for which a high number of IS711 elements
were also located was found to be closely related to Brucella
sp. strain F5/99 isolated from a common dolphin from the
Pacific, which may be considered the marine mammal type
strain of genotype ST27. The aim of this study was to iden-
tify IS711 locations that would be specific of this ST27 ge-
notype, taking advantage of other published complete Bru-
cella genome sequences. Therefore, after genomic
comparisons, several potential specific IS711 locations were
selected from the genome sequence of B. ceti strain Cudo
for PCR screening. These locations corresponded to locus
tags BCETI_1000668, BCETI_2000199, BCETI_7000072,
and BCETI_7000555 (GenBank accession no. NZ_
ACJD01000001, NZ_ACJD01000002, NZ_ACJD01000007,
and NZ_ACJD01000007, respectively). A first set of PCRs
were performed using a forward primer in the open reading
frame upstream of IS711 at these locations and the reverse
IS711-specific primers IS2 or IS3 (Table 1). According to the
PCR results for the four ST27 strains (common dolphin isolate
F5/99 and the three human isolates) and representative strains
of the other marine mammal ST genotypes described so far,
only locus tag BCETI_7000072 appeared of interest (data not
shown). This location is schematized in Fig. 1. It was further
confirmed by sequencing of the PCR fragment of the human
ST27 isolate 02/611 from New Zealand (GenBank accession
no. JN383971). Consequently, a large panel of Brucella strains
of marine mammal origin (Table 2) were used to screen this
IS711 location by PCR. They were from diverse marine mam-
mal species (seal, otter, dolphin, porpoise, whale species) and
of diverse geographic origins (France, Norway, Scotland). Bac-
terial culture and DNA extraction were performed as de-
scribed previously (7). PCR was performed using forward
primer ST27IV-F and reverse IS711-specific primer IS2 (Table
1). This PCR was found positive with a fragment of the ex-
pected size (386 bp) only for the four ST27 strains in this study.
Reference strains for all terrestrial mammal Brucella species
and biovars were also negative in this PCR (data not shown).
The IS711 ST27-specific location was further confirmed by
Southern blotting on EcoRI-digested DNAs using an IS711-
specific probe and a probe specific to the region upstream of
this IS711 element (primers shown in Table 1), and the latter
probe detected an EcoRI fragment with a shift in size in ST27
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FIG. 1. Schematic representation of the IS711-containing DNA
fragment used for the ST27-specific PCR in this study. The nucleotide
positions relative to the genome sequence of B. ceti Cudo chromosome
II (GenBank accession no. NZ_ACJD01000007) are indicated. Locus
tag BCETI_7000071 codes for endonuclease V. Locus tag
BCETI_7000072 corresponds to IS711.
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relative to the others as expected due to the presence of IS711
(Fig. 2).

This novel IS711 location, the distinct IS711 locations in
group of strains consisting only of dolphin isolates (proposed
as B. delphini), and other molecular data support the sugges-
tion of additional Brucella species in marine mammal Brucella
isolates besides B. ceti and B. pinnipedialis (29). The specific
IS711 location of ST27 identified in this study, together with
others previously reported (5, 6, 31, 32), may be of further use
for the molecular identification of Brucella isolates of marine
origin.

We thank Jakub Muchowski for valuable technical assistance and
Will Probert for supplying DNA of some of the human ST27 Brucella
isolates.
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